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photosensitized by 1,4-dicyanobenzene (DCB) has been observed to give 1-aryl-1-methoxy-3.3-
dichloropropanes (for methanol) as the only regioselective products.
© 1998 Elsevier Science Ltd. All rights reserved.
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Regioselective photochemical reactions are important. M Phenylcyclopropanes are photochemically

active under direct phgt_g!vsgs(z -3) or when usi ing an electron-npoor nhnfnqenmtwer -8 Rao and H1xc:nn(7)

have reported the photosensitized regioselective nucleophilic addition of arylcyclopropanes with

Ph OCH
H DCB, hv 3
A( Ph~-OCHs + I\/ (1)

cations undergo stereospecific nucleophilic substitution with complete inversion of configuration

Direct irradiation of compounds -7 at > 280 nm led to the recovery of the stariing material. When 1i-
7 were photolyzed using 1,4-dicyanobenzene (DCB) as sensitizer at 300 nm in acetonitrile-methanol
(12:1) solution at room temperature, the isolated products were 1-aryl-1-methoxy-3,3-dichloropropanes 8-
14 (Scheme 1).!'” Most of the incident light was absorbed by DCB when irradiated with 300 nm light.
The DCB was recovered after irradiation. The isolated yields for the regioselective methanol addition

products 8-14 are based on the recovered starting materials and are listed in Table 1. It is interesting to

observe that methanol attacks the C-1 of the cyclopropane rings of compounds 1-7 independent of the
tuna nf eiihgtitniante at tha nara nacitinn nf tha nhanvyl ring
l.y‘JD UL DUUDLILULLILY Gl Ly l.lala }lUDll.lUl.l Vi LN Pll\/ll i lllls.
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2,2-dichlorocyclopropane (1-7) were generated by electron transfer from 1-7 to the excited singlet state of
DCB. Thus C-1 of the cation radicals of 1-7 bears a positive charge. The presence of two chlorine atoms
at the C-2 carbon prevents the nucleophilic attack of methanol, which reverse the regiochemistry as

compared to the previous results.”)

Table 1. Oxidation Potentials (E,,0x(V)) and Free Energy Changes for Electron Transfer
(A G) for Compounds 1-7 and Isolated Yields for Products 8-14.

Reactant |[Eox(V)°[ AGP® [Product |Irradn. time[Conversion| Yield |Recov. of DCB

(eV) (h) %) (%) (%)

1 153 | -107 | 8 | 4 8 18 99

2 1.78 -0.82 9 5 27 21 91

3 1.77 -0.83 il 6 i3 71 35

4 1.88 -0.72 11 9 23 85 99

S 1.89 -0.72 12 6 31 22 99

6 | 18 | -071 ]| 13 6 19 88 88

7 2.20 -0.40 id 9 24 17 96

a. Half-peak oxidation potentials vs. Ag/AgNO, in CH,CN.

b. Calculated from the oxidation potentials using Rehm-Weller Equanon R

Nucleophilic attack by methanol on the radical cations of 1-7 leads to the formation of an ring-
opened cation radicals 15 (Scheme 2), with the radical center located at the C-3 adjacent to the two
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to +2.6 kcal/mole for the substituted methyl radicals.””) Reverse electron transfer from DCB anion radical
to the radical site of 15 to generate 16 is fast due to two chlorine atoms. Thus dimerization of cation
radical 15 is not observed in contrast to the observation of Mizuno ez al.,® they isolated the methanol-
adduct as well as 1,6-dimethoxy-3,4-diphenylhexane as the dimer.
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We have studied other nucleophil h mmonia'? (eq. 2) and ethanol!¥ {eq. 3) and it is also

ao grin ng a ~
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found to attack the C-1 site of the cation radical of 1-phenyl-2,2-dichlorocyclopropane.

A Ll DCB, hv HaN c,
Ph c NH3,H,0,CH5CN m @
17
cl
A(Cl DCB, hv HaCH,CO \(\]L b
Ph cl CH3CH,0H,CHLCN Ph H 3)
18

In conclusion, the presence of two chlorine atoms at C-2 position of 1-7 can reverse the
regioselectivity of the nucleophilic addition of the photosensitized reaction completely. The C-1 position
of the cation radicals of 1-7 apparently bears the positive charge thus nucleophilic attack at this position is
more favored in contrast to the phenylcyclopropane system in which C-2 position is attacked by
nucleophiles.
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Spectral data for 8: 'H NMR (CDCl) & 7.13-7.19 (m, 2H), 6.82-6.86 (m, 2H), 5.79 (dd, J = 9.1, 4.4 Hz, 1H), 4.24 (dd.

J=954.1Hz, 1H), 3.75 (s, 3H), 3.11(s, 3H), 2.58 (ddd, J = 13.6, 9.5, 4.4 Hz, 1H), 2.28 (ddd,J = 13.6, 9.1, 4.1 Hz, 1H);

13 - . PIRN e a

C NMR (CDCi,) 6159.6,131.9, 1279, 114.1, 79.9,

EI-MS (70 ev) m/z 250 (M'+2, 7.5), 248 (M,

\C:

,553,5

~I
fll
k=
Jl

.8, 56.5
9), 151 (100). 9: 'H NMR (CDCly) &7.28 (s, 2H), 7.24 (s, 2H), 5.90 (dd, J = 9.2, 4.0 Hz, 1H), 4.35 (dd, J = 9.5. 4.0 Hz.
1H), 2.66 (dd

d J=135 95 40
a, J 13.3, 2.3, 40N

~N
i

| 72 AD ¢,
i}, 4.59U {

1.27(d.J = 7.0 Hz, 6H); PC NMR (CDCl;) & 148.9, 137.2, 126.8, 126.5, 80.1. 70.8, 56.7, 51.9, 33.8, 23.9: EI-MS (70 ev)

mz 260 (M’ 2), 163 (100), 148 (12). 10: 'H NMR (CDCl;) & 7.18 (s, 2H). 7.12 (s. 2H), 5.80 (dd, J = 9.2. 4.2 Hz. 1H).

/AA FT_0 L& ANTI. 1T 11 a1 7 1H) 4 T i3.5
00, J — 7.0, 4.V L 1), 2.15
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in), 256 (aaa, v = 13.5, 9.5, 4.0 Hz, iH), 2.34 (s, 3H), 2.28 (dad, J = 13.5.9.2.

4.;
[

Hz, 1H); *C NMR (CDCly) 6 138.0, 136.9, 129.4, 126.5, 80.1, 70.8, 536.6, 51.9, 21.1; EI-MS (70 ev) m/z 234 (M'+2. 2),

232 (M7, 3.5), 135 (100), 91 (18), 11:'HNMR (CDCl;) &7.41-7.24 (m, 5H). 5.90 (dd, J = 9.4. 4.2 Hz, 1H), 4.37 (dd,

J=96.3.9Hz 1H), 3.21 (s, 3H), 2.64 (ddd, J = 13.5, 9.6, 4.2 Hz, 1H), 2.38 (ddd, J = 13.5, 9.4, 3.9 Hz, 1H); "C NMR
(CDCL) & 140.0, 128.7, 128.2, 126.5, 80.3, 70.7, 56.7, 51.9; EI-MS (70 ev) m/z 218 (M, 0.5), 121 (100). 12: 'H NMR
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13.5,9.6, 4.2 Hz, 1H), 2.25 (ddd, J = 13.5, 9.2, 4.0 Hz, 1H); *C NMR (CDCl;) & 140.0, 1283, 126.6, 115.5, 79.7. 70.5.
56.8.51.9. 13: 'HNMR (CDCl,) 6 7.26-7.30 (m, 2H), 7.15-7.19 (m, 2H), 5.81 (dd, J = 9.3, 4.0 Hz, 1H). 4.28 (dd. J = 9.6.
3.8 He, 1H), 3.13 (s, 3H), 2.53 (ddd, J = 13.4, 9.6, 4.0 Hz, 1H), 2.25 (ddd, / = 13.4, 9.3, 3.8 Hz, 1H): "C NMR (CDCl,)
5138.6, 134.0, 128.9, 127.9, 79.7, 70.4, 56.8, 51.9; EI-MS (70 ev) m/z 254 (M'+2, 1), 252 (M. 0.8), 155 (100), 91 (9). 14:

'"H NMR (CDCL) §7.68-7.64 (m, 2H), 7.44-7 40 (m, 2H), 589 (dd, J =

LAV o FARY N U R, 23,

=}
o

3.7Hz, 1H), 442 (dd J=99 3.6 Hz, 1H),

3.21 (s, 3H), 2.50 (ddd, J = 13.3, 9.9, 3.7 Hz, 1H), 2.35 (ddd, /= 13.3, 9.6, 3.6 Hz, 1H).

Rehm, D.; Weller, A. Isr J. Chem. 1970, 5, 259-71.
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13.2, 9.2, 3.8 Hz, 1H), 2.47 (ddd, J = 13.2, 9.5, 3.8 Hz. 1H).
18: '"H NMR (CDCly) 6 7.32-7.20 (m, SH), 5.93 (dd, J = 9.4, 3.9 Hz, 1H), 4.47 (dd, J = 9.7, 3.8 Hz, 1H), 3.47-3.25 (m.

2H), 2.62 (ddd, J = 13.5, 9.7, 3.9 Hz, 1H), 2.36 (ddd, J = 13.5, 9.4, 3.8 Hz. 1H), 1.16 (t, J = 7.0 Hz, 3H).



